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Summary 
 
The segregation phenomena and formation of agglomerate have the basic influence on structure of the final product. The aim of this work 
is analyzing the phenomena of segregation in semi-solid extrusion process, using several kind of substitute materials, which can simulate 
the thixotrophic fluid behavior and displacement of solid particles. The experimental researches are made to investigation of segregation in 
the near-wall layers and the formation of  agglomerate. Especially, the distribution of the solid particles at the end of extrusion process 
have been taken into consideration. Theoretical criteria describe the critical value of the energy liberated at the surfaces by the action of 
forces depends on the temperature, the pressure, the yield stress and the physical state and degree of intimacy of the contacting surfaces. 
The theory has been tested experimentally using a silicon polymer as a substitute material. Experimental stand with a Plexiglass die was 
prepared, such that the velocity fields at the surfaces could be observed and measured during plastic flow, allowing the empirical 
coefficients in the mathematical formulation to be estimated.  On the basis of the theory and experiment an optimal die chamber was 
designed for a die with a complex shape. 
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1. Introduction 
 
Thixotrophy is a property shear-thinning fluids have to show a 
time-dependent change in viscosity; the longer the fluid 
undergoes shear stress, the lower its viscosity. The most important 
problem regarding the thixoforming process is the prevention of 
the liquid segregation phenomena during deformation. Since the 
liquid is of eutectic composition in materials, the liquid 
segregation will result in significant or undesirable situation. In 
this work, thus, the thixoforming experiments with a die designed 
to modelling extrusion process using substitute materials were 
carried out successfully. The die filling patterns of semi-solid 
materials by varying the process parameters, such as geometry of 
the die and pressing force, have been investigated. Two key 
features of the solutions that need to avoid the liquid segregation 
in the thixoforming process are the following [11, 12]. It was 
concluded that to improve the thixoformability and to reduce the 
possibility of defects, the liquid segregation should be controlled 
as the multistage variation of the pressing velocity during forming 
[13]. In addition, the ability to model the material flow 
characteristics, including the segregation of solid particles during 
die filling, will be required [5, 10, 14, 15]. This modeling 
technology is currently under development. 
During hot extrusion of complex profiles the billet is split into 
separate metal streams by the bridges of the die. Behind the 
bridges the metal streams join and are welded together to form the 
required profile [1, 2, 3]. Welds formed this way lie along the 
product length and are referred as longitudinal welds. Since the 
majority of profiles are produced in continuous length, the 
extrusion products apart from longitudinal welds contain also 
transversal welds representing pints between successive billets.  ARCHIVES of FOUNDRY ENGINEERING Volume 10, Special Issue 3/2010, 251-254  252 
To produce a successful extrusion it is necessary to assure stress, 
flow and temperature conditions such that sound welds can be 
obtained. In general the weld quality is considerably influenced 
many factors relating to the die design
 [1, 2, 3], billet material and 
extrusion conditions (ram velocity, billet and die temperature).  
A sound technological overview, while also including the 
fundamental aspects, provides the knowledge needed to the highly 
challenging process characteristics for successful application in 
industrial production [4]. To control the technology as well as the 
modeling of flow behavior, tool engineering and systems 
engineering, which working in the metal processing industry, first 
of all the tests and modeling experiments are needed [7, 8, 9]. 
The new innovative materials for die manufacturing and other 
problems are discussed in [6]. So, the segregation phenomena 
have a significant influence on quality of the final product. some 
problems of recognition of this mechanism are presented below. 
Thus the objective of this paper is to present some guidelines for 
modelling, optimal die design and selection of process 
parameters. 
 
 
2. Experimental stands 
 
The major aim of this work is recognizing the segregation 
phenomena in near-wall layers of thixoforming extrusion. This 
phenomena have the basic influence on structure of final products 
of aluminium alloys. A special experimental stand has been made 
to investigate the segregation and the formation of  agglomerate. 
The methodology of this researches, which has been applied,   
allowed to observe fluid behavior and displacement of solid 
particles. Several assumptions has been made before starting: 
- possibility to make an experiments using liquids, 
- experiments must be make in constant volume of liquid 
particle,  
- the proces must be registered. 
Experimental stand is shown on Fig. 1. There are: container, 
brackets, bolts, driving gear, several kind of rams and observing 
mirror.  
 
 
 
Fig. 1. Experimental stand: 1 – ram, 2 – container, 3 – bracket,  
4 –bolts,  5 –  transparent plate of plexiglass, 6 - driving gear,  
7 - observing mirror 
 
 
 
Fig. 2.  Construction of channel ram: H - width of the channel,  
α - angle of the channel 
 
 
3. Preparation of the samples and 
experimental technique 
 
The major purpose of experiments was the verification of 
physical phenomena that are observed in hot extrusion of 
aluminium alloys. It was necessary to find substitutional material. 
His characteristic and material properties were determined by 
theory of similarity and knowledge about plastic flow of 
aluminium alloys in elevated temperature. 
The basic critterion of the choice  substitute materials to 
modelling the liquid phase is similarity to thixotrophic properties. 
So, the solid particles should have visco-plastic properties. As a 
liquid phase, the liquid soap was taken. It was a basic material in 
experiments. In this case, the solid particles were modelled  by 
solid soap balls. The water solution of gelatine has been used in 
experiments as well. Then the solid particles were modelled by 
white or black mustard and allspice. This grains are also used in 
experiments with liquid soap. Generally about thirty samples are 
designed and carried out, taking advantage of all prepared 
channel rams. 
Therefore, special modelling experiments using substitutive 
material have been designed and carried out. After several tests 
with a number of modelling materials has been selected due to 
similarity of its characteristics at room temperature to that of 
aluminium at extrusion temperatures as well as its transparency 
that enables analysis of three-dimensional flows using modern 
visualisation techniques.  
The configuration of analysed structure of extruded materials, 
that means: solid phase – liquid, has been described of relation of 
solid grains density to liquid phase density: (ρ/ρo) and percentage 
volume of solid particles in volume of container. The last one is 
known straightly from construction of experimental stand. 
Percentage volume of solid particles was very difficult to 
precisely measurement. Thus the assumption was made, that this 
volume practically  was less than 30÷40 % in prepared sample.  7 
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The relations ρ/ρo for used modelling materials were calculated 
as follows: 
a) soap balls – liquid soap: 1,37, 
b) pepper grains – liquid soap: 8,461e
-4, 
c) allspice - liquid soap: 7,361e
-4, 
d) mustard – liquid soap: 9,095e
-4. 
For white or black mustard the mean dimension of grain dm  
is assumed as 2,1mm, in the other cases: allspice - 6,5 mm, 
pepper grains - 4,8 mm, soap balls - 5 mm. The velocity of the 
ram was constant and equal 2 mm/s. 
 
 
4. Results 
 
The results of the tests presented above prove that the 
proposed technique can provide valuable insight into the material 
flow during deformation of aluminium alloys in the semi-liquid 
state and thus can give some guidance concerning the desirable 
temperature distribution within the workpiece. 
The results of experimental researches have been presented in 
fig. 3, 4, 5 and 6. Extrusion process has been registered using 
video camera. Next, the  pictures has been made using constant 
time interval.. The results can be divided into two group. The 
first has been shown the segregation phenomena in near-wall 
layers (fig. 3, 4.), the second - formation of agglomerate the solid 
particles in cone channel (fig. 5, 6.). The results are presented 
below. 
 
a)  b) 
 
    
 
Fig. 3. The segregation phenomena in near-wall layers as the 
steps of deformation: dm = 5 mm , ρ/ρo = 1,37: a) ram ½ 75°,  
b) ram ½ 75° - backwards 
 
a)  b) 
   
 
Fig. 4. The segregation phenomena in near-wall layers as the 
steps of deformation: dm = 4,8 mm , ρ/ρo = 8,461e
-4: a) ram ½ 
75°, b) ram ½ 75° - backwards 
 
a)  b) 
      
Fig. 5. Formations of agglomerate: dm = 5 mm , ρ/ρo = 1,37: a) 
channel ram 75°, b) channel ram 65° 
 
a)                                 b) 
      
 
Fig. 6. Formations of agglomerate: dm = 4,8 mm , ρ/ρo = 8,461e
-4: 
a) ram 2x75° with cone channel, b) channel ram 65° ARCHIVES of FOUNDRY ENGINEERING Volume 10, Special Issue 3/2010, 251-254  254 
5. Discussion of the test results 
 
Analysing the test results, several interesting things have 
been observed. The segregation phenomena in near-wall layers 
and their characteristic can be described as the following: 
-  at the contact with stumbling block, solid particles take 
place along the boundary layers of the stumbling block, 
-  the big α angle causes, that (Fig. 3a.) solid particles 
move with the ram, then leave him, 
-  the small α angle induce, that (Fig. 3b, 4b.) solid 
particles move fluently over the ram, 
-  formation of agglomerate  was observed in tests with 
soap balls very clearly (Fig. 3a i 3b), in tests with 
pepper grains this phenomenon takes place when 
intensive shear has been occured (Fig. 4a.), 
-  solid particles distribution increase from wall to the 
center line of container, it was observed in all test with 
pepper grains and mustard  (Fig. 4a), 
-  the most regular distribution of solid particles was 
observed for α angle about 45°, 
-  at the bigger α angle the gaps are filled with liquid 
phase (Fig. 3b.), 
-  in all cases the non-linear displacemet and rotation of 
solid particles was observed during  flowing under 
stumbling block, 
The formation process of agglomerate can be described by 
the following: 
-  this phenomenon takes place during extrusion with 
small width of the channel H, (Fig. 5a.), especially in 
experiments with soap balls, 
-  the formation of agglomerate usually starts near face 
of the ram, after that the solid particles are joining 
and finally agglomerates move in other regions. 
Some of agglomerates were divided into smaller 
parts, another stay in constant state. The single 
particles can join with bigger agglomerates, because 
they move along different trajectory. 
If the solid particles are small, and the width of the 
channel is big, then there were confirmed phenomena observed 
during shear process in near-wall layers: 
-  reduce of density in wall direction (Fig. 6b.), 
-  formation of agglomerate next to ram face (Fig. 6a). 
 
 
8. Conclusions 
 
The presented method of modelling the segregation 
phenomena can not explain the investigating problem completely. 
The modelling methods are known, but their application to 
analyse of described problem is innovative.. The basic substitute 
material, liquid soap  - has been used for the first time.  The solid 
particles modelled with soap balls to observe the interaction 
beetwen them has been proved that it was a good choice. 
Moreover, the tests of thixotrophic properties of liquid soap 
should be precisely verified. 
The results, which are presented, can help during preparing 
the modelling experiments using another substitute materials. 
There is also possibility to qualitative analysis of solid particles 
distribution (mostly carbides) in volume of final product.  The 
characteristics of the thixoforming process can decrease liquid 
segregation because of the improvement in fluidity in a globular 
microstructure state. On the other hands can utilize flow without 
an air entrapment. Therefore, in order to obtain the sound parts of 
metal matrix composites by using the thixoforming process, it is 
very important to design a die shape property and to obtain the 
fabrication conditions that affect the uniformity of the solid 
fraction on the unfilling state and various defects throughout the 
fabricated parts. When reheated, metal matrix composite billets 
should be transferred to open or closed die. It is very important to 
control the extrusion (forging) speed. 
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